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An Experimental Study of Streambank Stability 


Problems of sediment accumulation in river channels and of bank insta- 
bility initiated Public Law 93-251, a project designed to/Gemonstrate 
the effectiveness of alternative bank revetment and stabilization 
practices, identify soil stability problems and causes of erosion and 
make recommendations on means for the prevention and correction of 
streambank erosion. In order to accomplish this, a series of stabili- 
zation structures will be installed by the Corps of Engineers, and a 
data collection and evaluation program initiated by ARS to determine the 
influence of the structures on local hydraulic conditions, and the 
influence of upland management practices on their performance. ‘ 

One bluff-line tributary between Sardis and Grenada Lt ha Ae the 
Yazoo Basin will be selected for detailed instrumentation and observa- 
tion cf channel stabilization problems. A maximum of 10 to 12 stations 
are proposed for the study watershed. Revetment methods and grade 
control structures on additional tributaries will be monitored and their. 
performance evaluated using at least 6 gaging stations. 


Basically, the proposed project will characterize (1) the channel and 
flow conditions in the vicinity of major channel stabilization struc- 
tures, (2) the geomorphological features of the study area, and (3) 
watershed features including water and sediment source areas as a basis 
for assessing their influence on channel stability. It is proposed to 
conduct four years of extensive field and laboratory studies of selected 

measurable parameters. The channel and flow conditions will be charac- 
terized by stream discharge, sediment load, ground-water conditions and 
channel shape. The geomorphological features will be characterized by 
studying the channel morphology, watershed topography and valley strati- 
ae The watershed features will be characterized by an extensive 

ta collection network of major climatic, hydrologic, soil, land use 

Baa sediment parameters. Modeling of channel stability will be sun- 
ported by leboratory studies of flow Moree Lace, turbulent entrainment, 


anc seciment transport. 





It was the intent of the USDA Sedimentation Laboratory, when setting up 
the series of watersheds,to have all the data needed for testing the 
various sediment and water quality models that are available and to nake 
the data available to anyone in ARS or the Corps of Engineers. This we 
intend to do. Because<of the Public Laws under which the watersheds 
will be instrumented, coes not request water quality data, collection of 
these data are not described. However in the near future, we anticipate 
interest on the part of the Forest Service, Soil Conservation Service, 
and the Environmental Protection Administration in these tyne data. 
Thus, ultimately we expect to collect data on various water quality 
parameters. 


The following documents describe both the present project with the U. S. 
Army Corps of Engineers and the supporting USDA Sedimentation Laboratory 
research outlines in more detail. 


fhe syecific objectives of the study are; 

ay Determine the influence of erade control structures on channel 
Stability. 

tan Monitor and evaluate the perfermance of selected tyvnes of channe} 
stabilization methods installed in the stucy area. 

is To the extent possible evaluate the effects of veolocy, cecmer- 
nholocy, soils, lanc use and climate on runoff and sediment nro-~ 
Cuction from renresentative sites in maior source areas within the 
study watershed. 

Le Mstimate the water anc sediment production from larcre mixed lanc 
use watersheds and the intecratec Leena “of these on channel 
stability. 

on EValuate the relati 


n between valley stratirraphy and channel 
be Bn 


morvholory and thei channel stability. 
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In sunport o£ this proenosal, the Laboratory has nrenarec 9 Pesearch 
Je 


Cutlines under four projects. These are as follows: 






fluence bv watershed processes, vallev straticranhv, 
an a a re A 


Ube Strean Bank Stability as Influencec by Unland Uatershed Processes 
Ze Channel Stability as Controlled by Valley Straticraxhy 


TT 


Model Stucy of Low-Pron Crade Control Ctructures 


i Sediment Yield from Acricul~ 
tural Vatersheds as Related to Stream Stability 


Entrainnent, transport, and enersevy dissination in alluvial channels 





5 Fntrainnent of Streambed Particles by Turbulent Surface Flcews 
®, 


Si aes eae Model Study of the Transvort of Ged Material from a 
atural Strean 


rics Alluvial Channel Flow istance Under Transient Flow Conditions 
Sediment procuction, soil water state, and runoff for land contributing 





to channel systems 
a 


a, Punoff, mrosion, Infiltration, and Sediment Characteristics of 
elected Soils and Land Uses 


State for Study “ntershecs 
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ive 3 by outline 1, obiective 4 by outlines 
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be addressed by outline 3, objective * hy out- 
i 1 


objective 5 hy outline 2. 


Harcnmli, 2977 


Colonel Gerald Ff. Galloway 
vepartment of army, Vicksburs District, CE 
im ah AE 60 


aw 
-~ © <te 20240 GY 


Yicksburr, MS 39139 

Dear Colonel Galloway: 

mnelosecd is the ANS pronosal to pues ale a project entitled “An Experi- 
q 


tudy of Streambank Stability’. he nronosal is basically the 
same as the draft prenosal forwarded to you the first of Februarv. 


However, we have reduced the scone of the studies considerably in order 
to stay within a prcser ieee monetary constraint. The total cost of the 
proposal is now about 2.75 million dollars. The reduction in scope of 

the study will make it much nore difficult to extrannlate the results of 


the study te other areas. The ability to extranolate research results 
to other areas is continvent won a data base for verification. If is 
this component of the initial nronosal that we had to curtail the most: 
this was eee most expensive part of the vronesal. “owever, we feel that 
the revised -ronosal we have nrevared will have more potential for 
extrapolation than any other we could have prevared. 
In the initial nro mosal we exnected to establish 2 or more comletel 
monitored nested watersheds to enable us to evaluate the varietv of 
soils, mornholortes and land uses and structural measures ae the bluff 
line tributaries of the Yazoo “iver Us c this nNronr 

to limit this to one nested set of weter 
or two stations on other bluff ae eter chore S, a a sic 
recuced effort in the watershed laboratory sunport rroiec 
means that we cannet inves Lae el variety of conditions tha 
like. However, I feel that the model that we will develon wil 
enable us to do 2 better job of mredictine the effects of chan 
lance use on the stability of the uncarec watersheds than if no 
were exnended for indepth stucies, and alt funcs had been divertec 
watershec monitorinc. 


fete oa 


We oo e nue 


, 


The pronosal is sunnorted by ae specific research rrojects (reduced from 

the 19 previcusly vrenvared) »revared for inhouse sunvort. “le have not 

had time to retype and cary i hovever, ey are available here if 

any one would like to study then. As with ne nrevious proposal, we are 
sendins it to Dr. Cc. D. Manney, the Alabema-Horth Mississinni Area 

Director for ARS; Dr. A. W. Cooper, the ones Pecion Deputy Administrator 
for ARS in lew Orleans, LA, nr. C. WY. Swanson, Procram Plannine and 

Review Staff and Ernest R. Georre, Gontract Officer in the New Grleans 


A fot or m - i a . = 
phe Office. VHe will @teorseneea cony to tir, A. RE. fobinson, Dr. The cA: 
— = « ~ = 2 , 4 

BParcell, and Mryj6. Ws Carlson, all of the flational Procram Staff, for 


tne arevious review by APS was very favorable anc I “o net expect that 


¥ ~ Sate 


TI 77 tras a. er Pe ; Ae * 0 ‘ = + 
you will have any problers in cormletine the contract witt 


THe ceneral cooperative arreenents necessarv toe obtain the lniversities’ 
surnoert have not yat been drawn. Tevever, we have had encuch discussion 
to indicate that there will be no Pohl oie in cormletinr this. 


“ 


You nay te interested in the fact that for every 2 go Mate we are 
inc, ve are contributine 1 dollar. This is of course cue to the 
sarity of this »roject to onroins research cee rem 


for cur interest in the oroiect is our {APS) need for 
a commletely instrumented series of nested watersheds 
nded, will still provide enouch survort to be of 
nropose to add the dirension of water quality te the 
mense as funds become available. These data and 
: stinc and as an exneri- 


neeced as a site for field te 
a 


anc water quality related research 
-ecility after the Nrano ose ure z a 





a 
re, we annraciate the vosition the Corns of 
i a 


recard to owmership of the instrumentation 


e your suxvoert of our research vrocran as indci- 
ess on your Dart to work with us. Ve are attermt~ 
h as cood a research rrocram as we can and hoe 
anproval. 





S. i. Vankley 
J, fa Henley 
c. D>. Ranney 
ies 2 ecooner 
Case oanson 
A. ™. Bobinson 
Deck. Parrell 
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DEPARTMENT OF THE ARMY 
VICKSBURG DISTRICT, CORPS OF ENGINEERS 
Pp, ©. BOX 60 


VICKSBURG, MISSISSIPPI 39180 oe sae 
ean ¢ J MAR in7 
REPLY TO tat ff 


STTENTION OF: LMKED-H 


Dr. Donn G. DeCoursey 

Director, Sedimentation Laboratory 
Agricultural Research Service 

PaO. Box) tif 

Oxford, Mississippi 38655 


Dear Dr. DeCoursey: 


I refer to your letter of 11 March 1977 in which you transmitted a 
proposal to undertake a project entitled "An Experimental Study of 
Streambank Stability". I accept your proposal to undertake this 
project. 


We are forwarding a copy of this letter along with a completed form 
DA2544, Intra-Army Order for Reimbursable Services,in the amount of 
215225,600:00 to fund the firsteyear otetielstudy atoaDre A. W. Cooper, 
Southern Regional Deputy Administrator of ARS in New Orleans. 


Thank you very much for your interest in the Streambank Erosion Control 
and Demonstration Project. We are looking forward to a very productive 
relationship over the next four years. 
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L.l Executive Summary 


This project proposes to investicate channel stabil ane. 
solutions in Eluff-Line tributaries drainins into oi Nelta 
in the Yazoc Sesin. These tributaries are contributine sizeable auenti- 
ties of sediment to “ississinoi Delta streams, in YaAZo0 
fiver. Since phese streans are almost fle rest 

i 





i ine canacity of the river, anc 
pe fa severe problems wit! c, reauirins almost continuous 
dredcins onerations. The se Vv ee oroblems in the 
a streans , pats it also create el stability problems in the 

(a oo 


»f 4 cones from the channels thenselves. 





rhe proposed four-year cretect has five maior obtectives relating to 4 

et os ro of channel stability problers and immroved methods of 

ation: (1) ceterrminine the influence of crade control 

ne on ye es stability, (2) monitorine the verformance of 
selected channel stabilization methods, (3) evaluatine the effects of 
zeolocy, fame ee ocy, soils, land use, and climate on runoff and 
Sane roduction from major source areas, (4) astinmeting the vater 

nd Bee production from a larre mixed land use watershed and the 
ie eee effects on channel stability, and (3) evaluat 

5 


between valley straticranhy and channel morvholony and t 
effects on channel stability. 


oO 


Channel stability ARE of these bluff line watersheds are similar t 
mroblens in na ed States, The pronosed project 





should helo in et: Lae 2s applicable to these rroblems. The 
first obiective ultima shoul < ide criteria - vinine the 
number of er contr 2 ona Culares 
stable channel. ce Ere cee the nonitorine of the various 
erade control and channel revetment techniques should rrovide inforna- 
tion on the tynes and desisns that are most effective and economical. 
Data collected on the vwatershecs will provide infor 


infornation about the 
influence of watershed manacement on channel stabi 


¢ lity and the effective- 
ness of specific stabilization techniques. The watershed and valley 
straticranhic studies should he hel~-ful in extending the results obtained 
in this stu udy to other areas with similar »roblens. 


The proposed preject will i 

Field research will consist 

monitorins stations located 
ray 


neluce both field and laboratorv research. 
F ies of streamflow and sediment 
i C# e = 
1enr some of the strean/bed control ang 








streambank stability construction xrojects, to moniter their nerformance 
and measure the svhere of influence they have or pe channel. A serias 


ih 
fe 
{b 
9) 
ct 
0 


af watersheds extendins upstream from ea maior flow and sediment 
eonitorine station on one of the sone rine to source areas of 
runoff and sediment production will be instrumented to monitor the 


SF ete 


movement of water and sadinent throuch the watersheds. Clinatie condci~ 


Se BE SS OY 


tions, soil moisture, sroundwater levels, erosion rates, anc surface 
water movement from maior scils : 


er ioic areas will be collected, 
tle to oo Cores of Fneinears. Valley strati- 





analyzed and made availa 


rranhy, channel norvholory and ceaoloric data will be collected. Channel 
stability will be evaluatec as to cause and mode of any observed fail- 
ures. _ Laboratory studies to sudsort the nroject will consist of model 
studies of srada control structures, and flure studies of resistance, 
turbulence, and secinent transneort. 


ae: as te 





throushout the we of the protect. ‘tics 
operation by the. end cf FY 78, however, some construction and instatia- 


f : eo ; wis 
tion will be onceine as equipment on the snaller sitas is moved fro one 
Location to another as needes. Jahide Spied y research on several asxects 
of the project ara oncoine APS research pro-rans that will be exranded 


: ino AP 
this ~yotect. Sthers will Hg initiatec as soon as suprortinc 
ee 


nis mroject will be-suprerted within ARS by 9% snecific re 
ribe in cetail the »orososed channel stat 
rect -a Significant part of the project will be contr 






ly cooverative effort. “te are ashine for suppert at a 

of 609 for the first year, $543,109 for the seconde vear, 

209 the third vear, and. $542,999 cfer the fourth year. The ARS 
contribut $325,500 for the first year, $259,099 for-the seacond 
year, $365 for tche third tvear, sand 620355005 fer? the fourth year.” In 
addition, arch facilities such as our flumes and existine instru- 
rentation valued at nearly 1 million dollars will be dcevoted to this 
effert. boratory recently acauired a commuter system for data 
accuisition and. evaluation. If it were not for this facility, the 
protect be difficult to undertake. Much of the ARS contribution 
will be form of professional and susvort help, nearly all a the 
resources cf two of the research units anc a sizgaable contributic ron 
three of other units will be devoted to the nrotact. remeeriies 
hely wil 1 at Seyeenents with the 
Universi iversityv. 

1.2 Pescrirtive Narrative 

Zot , Lntroduction 

The Yez00 River, a tributary of the Lower ississinni -Piver, flovs 

hrouch the tiississioni (State) Delta, a hichly productive arcricul- 

tural area. Teca land is some of the most vrocuctive in 


the country and has been subject to nerilocdic flondinc, the Corrs of 
Mncineers has cormleted extensive flood mrevention »roiects. These 
consist of levees, channel irmrovements, land use manarement, and 
flood control reservoirs. Tven ah ee four najor reservoirs have 
been placed on maior tributaries to the Yazoo: Arkabutla, Gardis, 
Enid, and Grenada Paservoirs: eiseetee accumulation continues to be 
a mator problem in the channels of the Yazoo Pasin. fedinent 


accumulations nre creatine two major nroblens: 1) decreased ecarry- 
ing capacity, of the channel and (2) hazards to barce and shin 
traffic. Mest of the sediment creatine these vroblenms is comine 
from numerous tributaries that flow into the flat Delta from the 
bluff line on the Bast. Much of this sediment cricinates in the 
channel beds and side walls of these streams. ‘Sediment from tribu- 


x 
1em and is 


S ~ 
taries above the four major reservoirs is tranped in t 
not a problem as far as the Delta is conc 


The base level control of the 


x L ig 
of the Mississippi River. This jeter Ela and her 
a r ] 
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£ 
ted b nt 
—£ the relief chance is wraeaciae nal 
ley vas entrenched 400 to 459 £t below nresent sea 
€ sconsin slaciation (app. 250 fr entrenchnen 
<GBIGGEL Delta}. Saucier, on the other hand, 
nd eravel “hottom deposits in the Mississioni 
Yalley may actually be rre-clacial. In either case the fluctua- 
tions of the ancestral lississinri iver al 
in the valley deposits e the blutf-line st 
ef the sequences of the bluff line vallev depo 
a useful benchemark’ in relating the fi ¢ 
other a sind nature. Also, he 
bluff ie valley cenosit sequences woul ness 
understandins of the history of the Mississinn 
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Land use practices have drastically affected all the watersheds in 
area 


the stucy area. lisny watershed bottoms have as much as 12 feet of 


recent {nost-settlenent) alluvium deposited over presattlement 
soils or remmants thereof. The prenerties of these old soils are 
pertinent with resvect to channel stability. 


Land use by man has increased the runoff in many areas. Channeli- 
zation for flood abatement has accentuated the erosive channel 
flows ty etaene ae: e the channels and containins provortionately 
more of the total flow within isd Penés anc small flcod control 
structures are tranvinc Larce auantities of sedin 
normally be sati se oe carrying Sane 
en 


sftvin a 
nel system. Dacradation initiated by these sedinm 
(=) 


+. 
8 





has often proceeded unstream, rroducing a new cyvc 

dissection. All of these activities directly Pe GSCE ane sta~ 
bility Las similarly the influence ef ceomorcholocical features 
which are frequently emmloyed in channel stability studies, i.e., 
the ceomornholocical features mav be inherited from past conditions . 
and may not reflect vresent conditions. 


tLe na land use end manarenent mractices influence the rate anc 
ace runoff, the rate and arvount of sediment produc- 

ene physical and chemical characteritics of the produced 

Sede These variables are prime ceternminates of the erosive- 


ubseduent channel] 


ne and 


i & 


414 


The “nost feasible” anornach to solution of charnel stability 
~roblems includes either or both.upland manacement practices an 
channel nrotection activities, i.e., crade control, fences, dikes, 
ripran, etc. The upland’ranasement sractices are: 


ds Those which influence the rate and anount of runoff. 
9° re. 4 = fet a Pe 
ae those which influence the rate and amount of sediment mrno- 


al 
duction. Sestier 


Sir These which affect the size and tyne \€ sediment =roducec. fn 
«ceneral, these practices include veretative pees tiPiase 
mractices:s control of surface sealine and/or restricted inter- 
nal drainace; land shaping; erosion control and runoff manaca~ 
ment practices, and many others. 

£. great apanibeaacio of this aporoach to solvins channel stability 

nroblems is that upland conservation manacenent is combined with 

cnannel asl date vy desirn on a watershed basis. It also naintains 


a 
er enhances the cron productivity of the upland ereas. 


iment accumulation in river channels and of bank 
instability initiated Public Law 93-251, a nrotect designed to 
qa 


= 


Cenonstrate the effectiveness of alternative bank revetrent and 
Stabilization oractices, identify soil stability problems anc 
causes of erosion, and make recormendations on means for the “ra- 
vention en? ccrrection cf streambank erosion. -In order to accom 
“lish this, a series of stabilization structures must be installed, 
and a cata collection and evaluation prosram initiated to determine 
the local influence of the structures and the influence of unland 
Manavement vractices on their performance. 


It is nropeosed to select one bluff-Line tributary between Sardis 

and Grenada Lakes for detailed instrumentation and observation of 

the effectiveness of selected stabilization practices. A raxirun 

of 19 to 12 stations is provosed in the stucy watershed. Revetnent 
heds on additional tri 


S rit | : 
ional tributaries will be monitored ark their 
J t six additional cacins stations 


imsically, the oronosed project will characterize (1) the channel 
flow conditions in the vicinity of mator channel stabilization 
hniques, (2) the gee eh oaeic al features of the study area, 
3 ershec features ineluadhe water and seciment source 
a basis ge assessine their influence on channel stability. 


Feu onosecd to conduct four years of extensive field and labora- 
tory studies of selected measurable naraneters. The channel an¢é 
flow conditions vill be characterized by strean, discharre, secinent 
load, cround-water conditions and channel shane. he caonerholin- 
cical features will be characterized by studvine this ehannel mor- 
nholocy, watershed tonorranhy and # valley Straticranphy. the woter- 


shea features will be characterized by an nsive data collection 
network of rator climatic, hvdroloscic, soil, land use, anc secinent 
“a bh? 


or c 
parameters. ‘fodeline of channel sta 
t aies n 


lfty will be sunvortead by 
low rasistance, turbul 


Q 
era 
ka 


lent entrainment, anc 


fm extensive hydrolocic nonitori 
ne bluff line alone the itUssi 

b e-initia ted. In shane oe 
? 


3.1 Determine the influence cf crade control structures on 
ey need stability. 

3.2. Monitor and evaluate the nerformance of selected tynes of 
channel stabilization nethods installed in the study 
area, 

carl co | rt L 


2.3 To the extent rossihl 
~“Q0n0r oer Lory, so 
sac ction from representa > 

soures areas cae the study wate cuaten 


3.4 Estimate the water and sediment rroduction fron larre 
mixed land use watersheds and the inteerated effects af 


these on channel stability. 


Le 
2 
a 


Nvaluate the relation between valley strat 
channel morcholocy and their combined effects on channel 


stabili ty. 


ieranhy and 


Ze Project Plan and Activity 
he planned activity will be conducted simultaneously alone 5 
Bek Apemanieves of the peas of srade control structures on 
10 


stream accradation, downstream cerradation, bank saan-- 
are and strean eS 


ce) 


2 Selection, installation, and cnperation of continuous 
‘;wnitoring stations for water and secinent discharve at 
lected channel stabilizat e 


Lad 


-3 Valley stratisravhv and channel morvholocy of channel 
i. : 


19 


3.4 Selection, installations and loneration of source area 
ved 


4 4 2 A 
matersheds: and subwatershec field sites for hydrolocic 
e 
anes sediment dat. 











2,.5° Laboratory studies of bank raterial Getachment, flow 
resistance, turbulent entrainment, and sediment trans*ort 
to aid in, medeline streanbank stability. 
the protect will consist of instrument orocure- 
tion of the reseach watersheds, an? the location of 
cacinge sites. Many of these stations will be in 
second vear of the stucy. ES funds sre available, 
ons will he added as needed. Sone instrumentaticna, 
for soil: wa ter monitorine and erosion, will he 
o site durins the neriod of the vrotect. 
Tiase investications will cormlenent the nrocrans at the 
USDA. Sefinentation Laboratory as indicated hy © individual research 
“reiects that have been nranarad to cocunent the Laboratory's 
involvenent. .The entire effort of «the: Strean Channel Stability 
Unit will be deveted: to this study. Nearly all of the effort of 
the § ant Transport t wil to it. A sienificant 
contribution is also be 3 7orolocy and Brosion 
Units. .The Sediment De: mit is also contributine soma 
effort. Thus, the Sedimentation Laberstorv is contributine avail~ 
able exnertise, ecuinment, instrumentation, anc other facilities to 
the project. This contribution is beins made because this studv 
will strencthen the | Penerec Oy efforts thand kn of 


+ 2 a grit 
resulting influence on channel 


The yronosec project will be conducted on bluff line tributaries of 





he Yaz agin and at the fedimentation Laboratory, “xford, 
iissis The latter facHRitv contains some 33,990 sa. ft. of 
floor econsistins of hydraulic, chemical and vhysical lLabora- 
tories ices, library, conference room and draftine, instrument 
and ma shons, computer and photoeraphic facilities. The 
Labora staff consists of enzineers, soil scientists, veclorists, 
chenis athematicians, and biolorists. In addition, thease 
scient are supported by technicians, shon and office narsonnel. 
netive arative Arreenents are available with the liniversitv of 
fissis » ‘Ussissinni State UWniversitv, and the Mniversity of 
Mianes t. fnthony Falls E:meriment Station for use in obtainine 
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Followine the construction of the bank stabilization neasures uncer 
the Section 32 Program, all sites will be monitored by cround 
nhotocraphy an? Stell observation quarterly and follovine maior 
hydrolocic avents. Site surveys and aerial vhotorranhy will be 
taken by the Corns of "neineers for use in the nrerformance evalua- 
tion. 
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section 1: Stream bank stability as: influenced by upland watershed 
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Resources Develonoment 
evaluation and demonstration nrofect of streambank erosion control. The 
Corps of Encineers’ “Plan of Study’ for thi 
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z Za 1, especially any new: method; identify soil stability and 
esuses of erosion, and make recommendations on means for the pre- 
vention and correction of streambank erosion. 


The two items from this quotation of varticular interest are: 


Whereas most similar studies have been concerned with site specific nrro- 
tection measures (such as jacks, fences, bed ees structures, etc.), 
the charve for this study mandates that this study include an evaluation 
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itude of surface runoff » the rate and marnituce of sedinent srotuc= 
and the nature of the vroduced sediment. These variables are 
mrine ceterminates cof the ercsiveness of subsequent channel flow. A 
: fea * approach 0g the sroblem of channel spies ek thus 
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Research Avproach Including Analytical Treatment: 





the measure 


Two or three watersheds will be hichly instrumented f e 
Lo n the watershe 
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scharce, In nstrumentat 
acer es ered: so as to define 1) subcatchme entine maior 
use, geolosy, epee ie and soil conditions and 2} several series 
of nested waters! noo his data needed for routing). Routine data 
collection is snect in the attachment entitled “Tesearch “atershed 


Requirements”. hadi: mal data includes the followins: 
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1 soils and ceolocic investigations to define the possible 
occurrence of adquatards or aquacludes. 


fhe Evaluate the effectiveness of bank revetment methods. “here 
failures occur, determine mode and cause of failures. 


the occurrence and properties of cravel deposits and 
nc how these affect the recime of the chan- 


ialyzec using a process~-simulation watershed rodel 
beins deve ed ne USDA Sedimentation Laboratory. Full cevelopnent 
of such a aS would result in optinum utility of the results cf this 
study; and the “most feasible” annreach to solution of channel stability 


problems would include either or both unland manarenent practices and 


mo 


The data wee be 
Lo; 


channel pretection activities, i.e., fences, dikes, ripran, etc. The 
upland manavenment practices considered at this time include: 


Le Those which influence the rate and volume of runoff. 


luence the rate and anount of sediment production. 
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which resculate the size and tyne of the nroduced sediment. 
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hen include veretative cover, tillace vrac~ 


In reneral these practic 
Ss sealing and/or restricted internal drainace, 
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> control of surface 
land, shaping, contouring, 






Of course, the creat advantace of this anporoach is that upland conser- 
vation manacenent is combined with channel aun desipn on a water- 
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throuch use of the process-simulation model 
orovide a means of assessing chanses ine channel resime as a result 
of chanses in manasement practices or land use changes. 


Research Watershed Reautrenents 
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z Nested watersheds 


bs Area drained by Etation 2 = 20-35 sa. 


c. We major tri Sutaries should enter the 
between A and 5B. 
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eds--in addition te the nested water 
rize source input to 


Ds Channel 
i, A well defined channel should be a sisnificant part of 
the drainase network between Stations A and &%. 


2. The main channel between A and 8 should also be an 
immortant source of sediment production. 








AS Basin Characteristics 
ie annel data 
2 Inst t all maior tributaries above B (i.e., 
Stations C on beanie Gaces should be ara in 
series or in tandem so as to measure at least pes of 
all inflow above every station. Es should 1 


aes alone the major tributary ( 
ay up to unit source size (i sari 
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Db. At Stations A and B&B obtain: 


followins ey 


er B Station). 
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Continuous records of stare, water cischaree, 
water termer fae and totel sediment dis- 


fet 


2) Continuous sampling records of suspended sedi- 
nent load. 

a) On selected storm events determine sediment 
size distribution. 

2c At Stations of tyne C, D, and - cbtain; 

i) Continuous storm records of stare, water dis- 
charse, water temperature, and total sediment 
discharce. 

2) On selected storm events determine susnended 
seciment concentrations and particle size dis- 
tribution. 

d. At Stations (to be selected) for source area water- 


a 8) 
sheds-~these will probably fairly small water- 


sheds: 


1) Continuous storm records of stase, water dis- 
sce oe water temperatur2, and total sediment 


discharge. 


2) On selected storm events determine suspended 
sediment concentrations and particle size cis- 
tribution. 

es Gauced water stare recorders at specific reaches to 
measure water surface vrofiles. 


d plan and cross-sectional surveys of main 
between A and FE will be nade annually and 
jor events throuchout the year. 


Ye atail ss-sectional surveys of a few 
selected sections in some tributaries above 3 will 
be made at reneated intervals. 


ees Watershed data 


a.* Geomorpholory. Standard seomorphometric parameters 
will be determined fron popenvaphic maps and aerial 
photorraphs. 
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t Lay ae 
neln of the foil Conservation Service. 


1) Al maj land uses will be documented by maans 
of aerial phote mosaics and sround survevs. 
2) Type of vereatation, canopy, and ¢rounc cover 
in 


will be determ 


3) ‘, continuous monitorins of intercemticon storare 
capacity and crop stare will be maintained at 
selected sites over the crop season. 


Soil-water moniterins of Detyoe subcatchnments. 


i) Infiltration rates will be deternined 
soil tyne usins infiltrometer tests. 


2) Soil moisture content will be nonitored using 
both the neutron probe, and the double carmma- 


; 
ray probe or sravimetric samplins in some 
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3) Soil-water notentials will be monitored usins 
porous~blocks. 

A oli=-moisture characteristics curves moisture 

ks ey eee Bae “roisture content-hydrau- 

lic conductivity’ relationships will be developed 
for each soil tyne if not now available. 

B) seasonal variations of (1), (2)-neutron and 
double ramma vrebe and (3) “WLLL be determined 
at a few selected subcatchnents. 


Op.4 ; tne A ton a eee i 
mean os monitorines of A, B, C, and H-tyne sub- 


tant and notential will be moni- 
sites within the watershecs 


4‘ seneral survey of the eroundwater elevations 
for entire watershed will be nade. 
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2) Seagonal variations of these elevations will be 
made eat a few selected sites. 


Gaaaa : $ aes aa. 
HuUrrAce-water Lepcun Gments. 
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. tls ie one aes: 
1) General topographic surveys of all impoundments 
in the watershed will be made. 


2) Continuous record of both stase and susvendedc 
sediment discharee will be collected at selected 
impoundnents 


Point sources of sediment (cullies). 


FL pe IEG at ‘g a £44 BR event 
Sicnificant point sources of sediment will be mont 

tored to indicate the yield and characteristics of 

the eroded material. 


ri, Data (continuous monitorins) 


h two first order weather stations for the entire 
ed, and install 3 or 4 rainsases in each of the sub- 


In addition to the reeular rainvases, the quality of 
mrecivitation will be monitorad at selected sites. 
The Class A weather station will include: 


So 


heauiremrents 


fe Characte! 


Air, water, and soil termerature--soil temnerature 
will be determined for a series of soil-vesetative 
cover complexes 


for Characteristic Variability and Leneth of Mecords 


As much variability as possible in land use, soils and 
topojraphy should be considered as a basic criteria in 
the selection of the series of nested watersheds 7es~ 
eribed in Parts I and II. 
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ae ther watersheds may be needed, outside the nested set, 
ew an ” CP rey BES = a Pl pe af 
in order to obtain a reasonable rance in land use, soils, 


and topography. 


+e. 4 4 -_ fhe ° 
he located as close as possible to 


Oratory. 





De Lencth cf Mecore 
ate Sone of the stations in the nested set will be retained 
for an indefinite period as an environnental laboratory 
to be used for Sedimentation Laboratory field research. 
2. Many of the watersheds will be of a tempora: d 


r 
may be moved from nlace to place. They will b 


1 a i 
only long enoush to observe a ranee of storm sizes occur- 
ring on different antecedent conditions: two to fe 


years at the most. 


*Data acguired under other outlines. 
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Section 2: Channel stability as controlled by valley stratisraony 
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1. To identify the distribution and properties of stratigraphic units 
— F es * a a a on one “ 
within the seolovically recent valley alluvial deposits. 
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Statenent of Problem: 

A natertal fails whenever the sum of the several erosive forces is 
ereater than the strencth or crosive resistance of the varticular 
material. The erosive forces incude such items as: 1) the action of 
flowing water inducines discrete particle scour? 2} the influence of 
cround water seen: 3) mass instability, f.e., sravity flow or slouch: 4} 
the action of wa i into Ixy = 8 ad 
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dacresase mass stebility to sravity flew or slouch. Similarly, 
water seep may affect both mass stability and the resistance of the 
material to discrete particle scour. 
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E ide urficial valley denosit rancing in thick- 
ness up to 1) or more feet. The pre-settlemant soil, a paieose}, is 
sometimes found as a complete profile but more Frequently ‘only the lower 
herizons are oresant. The % horizon of these paleosols has a ae 
teristic polyzonal structure that measures 1 to 3 ft across. requenti 
the volyconal structure has develoned to such a desree that the indivi- 
Gual ae ane are not stable when exnosed on channel banks. As noted 
above, the base alluvium is variable. The dense silty material is 

sually characterized by a hichly develoned polyconal structure thoucht 
to be pedorenically senarate from that of the vnaleosol. The nolyronal 
structure in this base alluvium has sharp interfaces usually with thin 
iron deposition around the edces of the volyvons. These nolycons 
measure 1-i 1/2 ic across. Usually this material is also laced with 
numerous root-hole or crayfish-burrow fillines. Freauently this devosit 
is underlain by unconsolidated sands. 
Me have observed frequent situations where nassive bank instability was 
associated with the occurrence of unconsolidated sands under well 
develoned paleosols. CGracis develop alone the structural vlanes within 
the paleosol, and these cracks are enlarced by ‘seepare and overbank 
flow. Stream flows undercut the unconsolidated sands, resultins in 
failure of the mass. ‘We have also observed several sites where the , 
stream channels are “relatively stable at present but where the “ 
stable" beds, usually dense silty material, are underlain by unconsoli- 
dated sand lenses. At several locations, the cbserved thickness of the 

stable’ beds is presently minimal, and severe instability problems 

r a 


e 
mm any further bed decradation. 
Research Anproach, Procedures, and Analytical 
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section 3: An exserirental model stucyv of Jaw-dron crate control struc- 
tures (299A9--€4) 














Personnel Involvec: ™. CG. Little and J. B. Murnhev 

Seecific Chiectives: 

ie Determine the octirum dimensionless ceometry of enercy cissiration 
-ools for various ceometric shaves of low-droo rock rinran structures to 


-rovide maxinum enercy 4 Othasiin ae tows Tris will also include subcritical 
chute structures usinre ripran for enersy dissination. 


ny 


gs Mvaluate existine rinran sizine criteria svecifically for crade 
control structures. 

9 Ehsct fey 47 D haas 4 1 nr f r q 1 De® ort ba 

a exity the model studies with rrototyre structures. 





any low-dron crade control structures, constructed of rock rinrap have 
been installed in Southeastern States by the Soil Conservation Service. 
ei a 5 i 


S imowledce, none have been desioned with sti 
@ ssination. Cons equently, scour holes have dev 
diately He ie mina randon fashion and in nany cases have caused 
cownstrean bec derradation and bank slouchins. The channel bed dercra~ 
dation causes the effective drom across the structure to increase, hence 
erodine a larcer scour hole. The stone on the datmstream toe of the 
structure fall into the scour hole, ultimately causine failure of the 
entire structure. An uncontrolled headcut then mroceers unstrean caus~ 
ins bank ins tabilitie Seto occur. 


this nroblem, an excavated and stabilized enercv cissina- 
tion tool must be an interral nart of the desic € the dror structures 
“o -revent cownstream erosion the enerry fron ‘the cron mist be dissi- 
a0 


ated cin ievunada e within the enercy dissination rool. The ceonetry of 
the enercy cissi: function not only of ‘the -eometrv of 


the drom structure but also of the mg proverties.. Several rodel 
studies have been conducted f ? mensional drons but these results 
are not directly annlicable to tranc 2Z0 eee chennels 


cr 
ae 


The dimensionless ceometry of the enercy dissination ool relative te 
the ceonmetry of the drem structure and the discharre must be determined. 


Then these drom structures are constructed of rock, the rock in the 
control sé keton of the structure is generally on a steen slone and very. 
vulnerable to attack fron the suner deal flow.° Pinran sizine cri« 


ene must also be evaluated in criti 
structures. 


al areas of the rock rinran 
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have bottorm 

ranve fron few hundred cubic feet ner second uw» 
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will be constructed in the laboratory in order to 
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esults Yarious model to vrototv~e scale ratios will be used to cover 
the necessary rance of variables and nermit the overall model to fit 
existins pavetees facilities. Standard fluvial modeline techniaues 
using Froude similitude will be used. 


Crushed lirestone will be used as tha mndél ricran material. Thserve- 
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Personnel Involved: C. ¥. Alonso, D. G. DeCoursey, S. U. Prasad, and 
G, CM Beltor 


ime ovarall project objective is to devise an immroved method for 
aradictine chances in water vield, erosion losses, and channel st Lity 


8 
that nicht be exnected as a result of chances in upland watershed men- 
t practices. (270998-981) ~ 


In davelanine a ted »rediction model, the followins snecific 
sptectives will be consid 


loss fror snecified soil-scurce units 


Bs Estimate the amount of weter and sediment transnorted out of the 
watersheds throush ive principal drainace networks. 


Cie Ustinate the rate of channel arcradation and decradation alon= the 
flow systen. 


The model will be oriented towards the needs cf the Sorvs of “nrineers 
for better means of assessince the immact of Land-nanarement practices on 
stream channel behavio t will alse serve to 
identify commonents of sche hvdroloci@e cycle 1 model ferrulation 
and to indicate research cans where existiny information is inadeauate. 
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Hepanded Statement of Problem: 


continuously chance their 


Alluvial streams are eee Bee a es that 
either chances in the natural 


conficuration and state in nonse to e 
Raat or Socdatacie Seto iced by man's activity. Trenuently, 


these chances concuce to ane ion of the strear-channel stability, 
which cften results in channel micration and shoalinc. 

Amone the leadine causes of channel instab 
are intimately associated with Lend-manace 
tices carried out on the unmland Sie: They 


ty there are several that 
onservation prac 
els 


earins of land 
ars 


that removes the soil~orotactive n¢ 3 flowers he se cieuman ne cover, which 
in turn leads to increased erosion ar ide dey ood veaks: (hb) installation of 


reservoirs for flood vrotection and irri’ el control, which unset the 
water-sedinent enuilibriun cownstream of those structures: and (Cees 
excessive soii erosion resulting from uncontrolled sources, The cote 
bined effect Is an acrrecate Flow of water and sedinent comine from a 


variety of point and non--oint sources within the upstream watersheds. 


this acérecate yield acts aSi a time and snace denendent lcadins on the 
5 pe ’ 4 4 rod ey $ 4452. 

streans drYaining the watersheds. If this loading becones quite ir- 

Ce Vey ; 1 4. : 18 iq 

ferent fron that which’'the st Fay Widusted to, the result is a_ 


breakdown in the stability of 


The watersheds contribu 
exhibit in ceneral a creat variety cf soils, vecetation, and land uses. 
In order to effectively assess the impact of these watersh< 


cadine of any civen channel systen 


loadine of the channel system, it is necessary to develon immorovec 
methods for vredictine. the effacts nf alternative Land manarenents of 
those watersheds. There is, therefore, a need for the develovment of 
mathematical tedels' so that the hydrolety of a watershed can be ‘sinu- 
lated and the effects of various manacement ~racticas uncerstood and. 
sredicted. Such need was recocnized by a recent ‘revort of a Joint “ask 
Force of the Southern Mecion Acricultural Txrerirent Stations and the 
12 Si 


rece divided needed water-related research into 


Revel ae area 


; Potte aati tac 
s. In each of these areas, the need to apply hydrolosic 
models to solve itdentif 


fied >rob Lens was viven the hichest priority. 


because thea thysical ~recesses. covernine watershed behavior are very 
comlicated, many rast studies have utilized reeression models. Vor 
ever, it is difficult to nredict the resmonse of a watershed to c1it- 
ferent Land-ranarement activities usince recressional methods, because 
these methods are based on the assurmtion of time an@ srace invaria~ 
bility. This assurmtion almost always fails to be valid in the case of 


/. second tyoe cf models includes lured parametric simulation methods, 
such as the TVA Continuous Daily-Streamflow Medel (TVA, 1972). These 
rodels simulate the response of a riven nnd by adjustine a number 
ef coefficients, with little vhysical sim nificance, usine data collected 
under certain environrental conditions. The impossibility of relatine 
those coefficients to’a different set of environmental conditions 
seriously restrict the use of these models for »redictince the resronse 
cf unsared watersheds. 


A éifferent class of models embodies the distributed vrrocess sinulation 
methods. These teclmicues use mathe seg 


Th ‘ni hematical des Tae o£ the basic 
nydrolocic processes beins, meceled, and their interaction. In addition, 
this an~roach tends to rintmizge the number of aadigeaiiae naraneters and, 
kar never vrossible, relates then te physical quantities that can be 

\iily measured in the field. In recomnition of the flexibilitw of 
ae ind of rodels, and in resvonse to the above mentioned needec for = 
physically-sound, cormrehensive watershed model, the coal of this 2re- 


posal is the development of an -irmroved orocess-sinulation model con-- 


7 
sistent with the obiectives already enumerated. 





Literature Peviews 
any hundreds of savers have been written concernine studies on various 
asnects of hydrolory. For this reason it is quite impossible to sure 


marize the trevious work that has led to the 
the hydrolocic cycle. Reference can be nade 


commrehensive hydrolocy books (1.e., Chow, 
Ge 


1 I 
American Society of Acronomy Monocravhs asths in, 29572 Van Ghilfcaarde, 


1974: Haran, Faise and Fir-inster, 1967) end reverts (Pierre et al., 

19663. ilielsen, Jackson,. Cary, and Evans, 1972) that discuss current 

L 4 s of the prorress 

made durinc the last five years in several hydrole tects have been 
a %, 


n 

recently Peo a by Schanke (1975), Amernan et a 
Meyer (1975), and. Nordin Cah Only because of 
tnowledse is the pronesed oroject even feasible. 
ins of the hyérolocic cycie and the basic nhysical laws A naa ee dt: 
have evolved, they have been synthesized into more rational and »vhyvsi- 
cally based models. leg ane hake the accessibility to hirh-sveed dicital 
commuters has made nossible the cevelocment of detailed cormrehensive 
avdrologic nedels. 


a 64 


s 
eee 
mnowledce of soil-water-nlant system. “xcellent revier 
co 
1 
t 
A 


965) was one of the 
fron a watershed if 


basically a lumped-narameter model, althoush larce, arenas, 
watersheds can be subdivided into subwatershads if Fficient data are 
available to define mocel vcaraneters The model ba pn ate widesoread 
use anc as a result has undercone numerous modifications 
al., 1959; Claborn and Moore, 1970; National ‘leather Se 
Ricca, 1974). Feltan and Lopez (1979) have described t 
model of watershed hydrolocy. Aithourch this model. is basi 
a watershed can bea broken down into smaller horiesaneous are 
attempt is made to incornorate snatial variability by civic 
watershed into land 


The Stanford model (Crawford and Linsley, 
eaneral models develoned to simulate runof 


fo 


1 ecanabilities classes that cerrespond to ee 
hillsloves, and bottom lands. Dawdy et al. (1979) rerorted on a lunoed- 
system model sinilar to the Stanford model which describes surface 
runoff from small watershecs. TVA (1972) recently described a lurme? 
daily~streamnflow model with sixteen parameters, five of which require 
ootirization. This model has been reasonably successful in precictins 
Gaily streanflovws. 


A& continuous distributed model is not yet available. ‘T"lowever, several 
sinsle-event distributed models that include nart of the hydroloric 
cycle have been introduced since the sioneerine works of Woodine (1965) 
and Ueolhiser and Licrett (1967). Since then, a cascade cf various 
(Br 


sizes and slones (Brakensiek, 1967: “Mibbler and eclhiser, 1979) or 
convercines inverted cone=shaned surfaces (Woolhiser, 1969) have been 
used for seanetric representation of complex.tonorravhies. The works of 


these anc other investicatocrs have OF to the acceptance of the kinena- 


tic-wave ancroxination as an adequate model of shallow overland flow and 
flow in channels. “he reductionist anproach te watershed simulation was 
introduced by Huceins and Ucnke (1°70). They employed a scuare crid for 


Tecormosine a cotmlex watershec into elenental surface unite. ' Mest 


nhysically-basec overland flew redels usec ified lunred-systen 


sir 
nfiltration nodels. Snith and Voolhiser (1971) were the first to 
Bk 3 


tn troduce a distributed infiltration model, derived from soil noisture 


Flow theory, toc 
fall excess rate. 
way or another 


aWedeeerateds in one 
ees 
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Different tyres of sediment vrocuction models have anneared widely 
Gisnersed in the technical Literature, "aference can be made to a 
recent review presented by Leinemann and Piest (1975) and to 2 nublica- 
tion of the Acricultural moat Bes as (1975). Seversl recression 
equations for mrecictins cross soil erosion have been srcenosec. The 
most cormonly used aron= these is the so-called universal soil loss 
equation (USLE) >ronosed by Wischmeier and Smith (1965). “ther equa- 
tions of similar nature have bean develoved by Muscrave (1947), and 


Settschalk and Brune (1959). In these eauations, the soil.joss rate is 


correlated with storm, lend, and versetation characteristics. Such 

enuations are apolicable on seasonal basis or lonser. Also, they 4o not 

take advantaze of the vhvsical processes occurrine within the watershed: 
i i ta 


e 
be is ot sossible to use them on larce, cormlex watersheds. 
£ 


illians (1972) modified the USLE ‘to: make it apnlicable for predicting 
storm sedinent yields. Onstad and Tester (1975) corbined a different 
modification of the TSLE with the USDAHL-70 watershed model to nmredict 
sediment yield for sinrle storms on 2 watershed basis. They avplied 
their mocel to two sneli watersheds with Limited success. 
mt. Aes 


fhe first ohysically-basec sedinent yield model wes reported by Slerev 
yy 


(1967). This model uses the Stanford wa shad model for the water 





ia 

~hase, and takes into consideration rainfall soil splash, entr&inment by 

overland flow, and rilline and cullyine, alons with separate channel 

transport of fine and coarse sediment. Sediment production i evaluated 

in terms of nvower functions of water discharce containins a nurber of 
OnF 


nareneters that must be calibratec. A nodified version of ees s model 
A 2 


has been incorvorated in the Arricultural Punoff Manarement (ARM) rodel 
recentiv renorted by Donteian anc Crawford (1976). The aforementioned 
models of Gimons et al. (1975) and Smith (1976) inccrmorate also the 
capability of describins sediment movement on a wate srshecd as a tine and 
svace distributed mrocess. The structures of these two nodels are © 
Similar: howaver, there are cifferences in numerical techniaues and 
functional relationshins. The sediment nevenent is described bv linkinc 
the excess-rainfall flow ecaqusations to the sediment continuity eauation, 
with relations describinc sediment “etachnent and transnort canacitv at 
any point on the peerein er ina channel. ‘So far, these models have 
been tested in small watersheds with a seemincly cecree of accuracy. 
Curtis (1976) has Panoresn recently a similar model which rakes use of 
the procedure proposed by Meyer and’ aie wee aly to describe the 

t of soil over land and channel seenents. Nowever, this model 


5A 


nesearch Anporoach: 


The vronosed model will simulate the land-surface hydrolovic cycle, 
sadinent >roduction, anc water + sediment movement on anricultural 
watersheds. Concentually, the model will be divided into overland flow 
and channel systen flow. hbifferent physical processes are important for 
the two different environments. In the overland flow, processes of 
interception, evanroration, infiltration and subsurf storace anc 


2 {3 
oO 


re 


a) 

movement of water, raindron-immact detachment of soil, erosion, anc 

water + sediment routines to the ¢rainine channel network will be sinu- 
G iaheae 


latec. In the channel systen, water and sediments contributed by the 
overland flow will be routed, and the amount of channel erosion ané 


sediment derosition will be determined. In most cases, movement of 
+ 


sadinents from watersheds result from the noverent of water. For this 
reason, the sediment yield nodel will be coupled directly to the water 


routine model. 


Nevelovins a nodel of this diversity for execution in a dicital computer 
is an elaborate and time-consurning »recess. In order to reach the 
obiectives of the pronosed study within the assicned time table, the 
effort will be concentrated in selecting the most suitable commonents of 
the distributed models mentioned above. These commenents will be inter- 
faced and modified so es to meet the requirements of this research. 
Those needed cormmonents that are either not sufficientiv ceveloned or 
nonexistent, will be sincled out for additional study and cevelopment. 

& preli A a he existine models has already disclosed a 


13 

number © ire extensive research and development. They 
are enumeratec ; 
(a) Current evanotransniration (ET) models are based on the assurmtion 
of a well-watered cron. Sbvi y, Curing nany perieds of the vear, the 
crop is not well watered and ET is Linited by the inability cf the soil 
to supply water to the olants at the potential "T rate. Some methods 
reduce the potential ET as a function of soil dryness. Such simulaticns 
nornally include sone PT-adiustine parameter which, obviously, trevents 
the use of the nodel for studying the effects of land manarement anc 


seasonal variations on the ET rate. 

(bo) In many areas cf the Southeastern United States, precipitation 
exceeds ET durine a considerable part of the year creatins a surplus of 
water. ‘uch of this excess drains vertically and/or horizontally 
throuch the soil in the saturated and unsaturated state. This subsur- 
face water movement can be a sicnificant commonent of the runoff volume. 


It can also contribute to surface erosion processes due to pipine 
(Jones, 1971), in sotl horizons where sroundwater flow is concentrated 
and subiect te sicnificant hydraulic rradients. The existince rodels are 
very limited in this aspect and there is need for the cevelopment of 
more refined infiltration models alons with adequate subsurface water 
routine conmonents. Some models that will be considered as suitable 
startine voints are those cf Smith (1972), Smith and Chery (1973), 
Freeze (1971), Zinp et al. (1973), and Reisenauer et al. (1974). 


Lene @ 


(c) A. considerable nart of the vroposed study will be oriented towar? 
imroving the existine srocadures for the routine of water and sediment. 
ns nveliminary study conducted in cooneration with the Tniversity of 
‘Hssissinni has disclosed the feasibility of obtainine close form solu- 
tions for a nurbe ar of binenatic-wave anproximations used in flow rout- 
ine. The incornoration of such solutions will acd sicnificantly to the 


x eal 
overall cormutational efficiency of the mode The use’ of transitic 





js oy Tae onal 
Eyvers ion relationshins (Morcali, 1979; “icolhiser et 21., 1°79) will be 
aiso investiratec. ‘Prelininary tests conducted by Chars et al. (1976) 
indicate OP 3 the response of watershed models with distributed reuch- 
ness is much more accurate than those with constant rourhness. Con- 
sideration will also be piven to the chennes flow routine in those cases 
where the kinenatic-wave arnroxination breaks down. The accuracy of aoe 
current methods used in dvnamic-wave simulation of one-dimensional 
sedine 








ent-laden fiows (Cunre a a Peraeeaa, 19733 Yreucdéenhil and deVries, 


1276) will be examined. This should point out which shortcuts can and 
cannot be taken in carryins out. the simulaticn, anc will cuide the studv 
towards Improved routine techniaues. 


The sediment routing commonent will include, out of necessity, simoli- 
fled revresentations of -the comlex processes at vork-in-an atricultural 
+, 


However, most mator sediment ~rocasses will be renresente, 


& a, = _ 
throucth vhvsically-based models, includine: soil detachnent by raindron 
snlash and by overland flow, »ick un and transvort by surface runoff, 
interchantea of susvended naterial anc bed material in channel flows, 
arount of scour and areradation in channel systens, and effects of 
-armorine on bec seourine. Te model these rrocesses, a rraded material 
will be represented by a number of discrete narticle sige fractions. 
= ribution will facilitate the 

ings 


c 
The incornoration of particle size dist 
simulation of hydraulic-sortine nrocess< 
ee variations in si: 

Terticular attention will be civen to the modelins of soil-transnort by 
my 


cf ; fhe 
overland flow. Current models make little distinction between transport 
modes in unland flows and in “ceaner channels. Fowever, Voster and Meyer 


\ we of 


conditions. 


(1972) have observed sirn ifferences between those two transcort 


e) 
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There is a nead to develon sneci a models for quantifyine 
sediment sources such as cullies and r bank scourins. In develoo- 
inc a nocel of cullv erosion beteneiont “will he civen to the invastirs- 
tion of the mechanics of sully head: cutting and the Jefinition of ancmt 
material suoniiedt by bank cavine as a function of clinatic events, 
ae ena Sara ie and cegapas in base level (Thomnson, 1964: Reer 
156° 


Channel stability analyses are rectularlv based on two-dimensional flow 

models that involve ricid boundary conditions. Towever, "rasa ane 
ALonso (1976) have shotm that the introduction of more realistic: nmixec- 
houndary conditons lead to a Soa re“istribution of ‘se ractive 


Ez t 
forces on the channel boundaries. This wor, initially develoned for 


JO 


rectanpular channels, will he extended to other ceometries and flow 
conditions. 


ev 


(e) As other eritical cormonents of the hydrolozic cycle are identified 
4s neecines further Jax sui 

provide the needed 1c eeenebige 
will be emhasiz 
tions to the sys 
oe cong taanee 


1 2 studies will be conducted to 

Modular structure of the overall model 
f£ficient additions and/or modcifica- 

ive components are develoned, a 

@ particular medel will be the ease of 

to make the model or ua ee to simula- 
fert will mace to relate as nany 
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ENTRATHMENT, TRANSPORT, AND FNERGY DISSIPATION IN ALLUVIAT 
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Ceneral Ohiectives: 
te To investi:.ate and define the stochastic character of sediment 
entrainin: boundary shear forces as they are caused by turbulent flow of 
the type found in natural channels (29893-31). 


2. To investicate under controlled conditions the sediment trans ort 


rates that are found in larve-scale field channels OANA Bei 


alluvial channel flow resistance data for 





a to provide a base of 

conditions of unsteady nonuniform flow like those found in natural 
alluvial channels (20302-33). 

Summary of Problem Areas: 

Alluvial streams are continually chancins their nosition and shane ie 
response to the Merrett: forces exerted by flowins water on theiz beds 
and banks. The boundaries of alluvial streams are commosed of »articles 
ranvins in size from boulders and cobbles dowm to silt and clay, and 
these particies are moved by the hydraulic forces, disturbinc the sta- 
bility of the stream. The lack of knowled-e of the marnitude and the 
modae of anplication of hy draulic forces to streambed particles has 
hindered ioe tevelormen oe reliable methods of channel ste ability analy- 
ae: conventional ae os ienore the inherently random nature of the 


hydraulic forces and disrecard altocether the sicnificant influence en 
pounders seerarve and secondary currents have on the stability of strea 
channels. The objective of the nresent study is to remedy this ee 
Sistent, complete exnerimental information on the »roha- 


silis istribution of the hydraulic forces, and on the manner in 
which these distributions are influenced by various sicnificant channel 
flow variables. 


"he sediment carrying canacity of a river determines that behavior of 
its various channel reaches. “here canacity cy hie than sediment 

input, the channel will fill with sediment, causine floodins. meas: 
capacity is vreater than sediment inout, the channel will decr 


undercut, and destroy its banks, material from which, enters a stream 
r 


and causes «ross fluctuation in streambed conficuration. In eithe 
case, land use near the stream is risky, and it is virtually inpessible 
to maintain a permanent navisation channel. Th i ti- 


cated by procedures ranzins from redesicn of channels to stable cross 
section throuch installation of mats, rivran, and snur dike fields 

These -rocedures demand estimates of the sediment carrying canacity of 
the stream both before and after modification. The nresent study will 
develoz the principles of sediment transport in rivers as they aroly 
svecifically to riverbed materials that will be encountered in the f4eld 
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studies undertaken in the Section 32 Prosram of the 1974 oe ank 
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Section 1: Entrainment of Streambed Particles by Turbulent Surface 
Flows (29803-31) 


Personnel Involved: ¢. V. Alonso, K. *. tlie, and MN. L. Coleman 
Specific Obiectives: 
A A ND 


The lack of consistent, commlete experimental data on the distribution 
of hydrodynamic forces acting on streambed »articles has hindered 
develonnent of a reliable entrainment model. Moreover, implicit in the 
conventional deterministic approaches is an unrealistic concept of 
equilibrium since they neelect altorether the intrinsic random nature of 
those forces. Recent improvements in the Soe etagae of the bed 
entrainment precess, and the develonment of reliable proce ae for 
measuring and analyzine random data, have nee up a more realistic 
approach to the analysis of bed material entrainment. Meas pease nf 
statistical properties of the instantaneous, point, boundary tractive 
orces counled with the postulation of an appropriate stochastic model 
of sediment en ieee os offer a better method for evaluatine the eauil 
streambeds. The pronosed research project is desicnedc to 
evaluate Serarteedeet Ty" the parameters that would be reauired by such 


{2 


9 
stochastic models. Yn order to accormlish this coal, experimental - 
information must be obtained to commlement and exvand related data 


i) 
already sathered by previous investicators. With this reauirement in 
lowins, experimental objectives “paee been established: 


Ge investizate the cross-sectional vartation of the mean values, 
variance and hicher statistical moments of the instantaneous boundary 
tractive forces in prismatic channels. 


2s Investicate the influence of secondary flows on the statistic 
moments of the instantaneous boundary forces in terms of both channel 
reonetry and flow characteristics. 


The beds of streams are cormosed of ascrerates, the commonent particles 
i LLC 


of which can rance in size fron boulders and cobbles dowm to siit and 

clay. These streambed particles experience forces that are exerted on 
then by flowins water, and which vend to set them In roticn, thus dis~ 
turbine the stability of the streambed This is the source of erosion 


in natural channels, and of damace et canals and irrication ditches. 
Ynowledse of these forces actin” on the streambed is essential for the 
oroper desicn of a stable channel cross section. 


Over the years several analytical models have been postulated for 

stinating the spatial variation of the mean values of the boundary 
shear stresses in prismatic channels (Olson and Florey, 1952: Lundcren 
and Jonsson, 1964). In ceneral, these models are in noor acreenent with 
field observations. The lack of asreenent stems in nart from postulat- 
ing the existence of a velocity distribution without secondary flow 


oN 


throurhcut the cross sect 
ctual velocity measurments mad 
re 


currents. How NOVer, A 


15) 


ndary current 


tranezoical, and triancular channels have shown that sec 
has a simnificant influence on the cross-sectional velocity distribu 
tion. The above disacreenent elso arises fron ienorinc the influence of 
bank resistance and the turbulent nature of the streamflow. ‘Most of the 
existing tractive-force nodels are based on the estination of a tine 
averane boundary shear stress which is -cenerally related to the cross- 

s 


A 
flow parameters. These models usually involve cross simplifications 


and, what is even more serious, disrecard altovether the dependence of 
bad=-particle stability unon the instantaneous values of the hydrodynamic 


e 
S a 

forces and the probabilistic distributions of these values. In turbu- 
chaeto 


ent velocities. Raudkivi (1963) observed that 


ad material can take place at areas of tine-averaced 
below the value of critical stre defined by Shields 
observation can also be FEE 1 Hae: to indicate that 


rs S 
lent flows such forces are not constant but are dependent on the local 
turbulent velocity field, and will vary with time og frequencies of the 
1 63 


cit 
same order as the turbul 
entrainment of b 
shear stress wel : 


function. ‘This « 


cifferent entrainment rates can be expected for bed s tig ar stress distri- 
butions with different variances but equal nean value This illu- 
strates the limitation of stability analyses which cha taee ze stream: 
bed forces with the ensenbled averace of statistically distributed 


Thus, it is ‘obvious that there is an urcent need for consistent, cor 
es oo abe ut the spatial and p pee cat EE Saeleamertys oe the 
in: S 


=) + 
es act 
ee eee ie facilitiate ne het RS ef mere 
} a 

a4 t 


accurate models cf sedim entrainnent. 





The action of turbulent velocity Gomme. in producins internit 
veriods of hich boundary stress that initiate movement of streambed 
narticles has been recocnized for auite some time (White, ares Malinske 
1943). "xtensive flune observations conducted by Yanoni (1964) est 
lished that such point boundary forces do indeed produce intermitten 
bursts of bed material movement. Me related this effect to auasip 


disruptions of tha laminar sublayer as described by Tinstein and Li 


(1956) ct h the develooment of adequate flow visualization techniques 
for tees atin the turbulent structure of boundary lavers (Zline et 


ales 19675, i ae and Brodkey, 1969) the descrintion of such quasineriodic 
disrurtions has been sreatly refined. The current consensus is to refer 

By hese intermittent events collectively as manifestations of the 

bursting phenomenon or the burst~-sween cycle. The history and present 

status of these developments have been reviewed by Sffen and Yline 

(1973, 1975). In seneral, the term burst refers to the ejection of a 

slowly movine parcel of fluid away from the near-wall layer while an 

inrush of high-speed fluid from the outer layer is called a sweep. This 
orecess is a common feature or turbulent shear flows irresnective of 
bouncary-rouchness conditions (6 3Tass , E27). ee ey eee sampling hy ilimarth 


and Lu (1972) has shown that durine the bursting process very lLarce 
values of: instantaneous Reynolds stresses exist very close to the wall. 
ln summary, it is clear from this brief survey that there are srounds 


for postulatine a direct causal relationship between the burstin 
vhenomenon and the intermittent entrainnent of bed varticles As 
relationshin has been-recepnized by Sutherland (1967) and ire con= 


3 
us 
vincinely demonstrated experimentally by Grass (1970, 1971). 


Vee 





ntial aspect nissine. in the above inve stigations is considera- 
the effect of se econdary flows on the boundary force 
Cc 


rN 


nda s 1e 
ence of secondary currents in prismatic conduits has been studi 
her extensively (Einstein and Li, 1958; Noarlond, 1960; L 

L965: Tracy, 1965). --Secondary-circulation, jecntrated 


er of the boundary, has a significant effect on Mend stab 
1 a 


row 
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channels (Shen and Nomura, 1969}. Detailed investica~ 
shear distribution in corners are reported by Teutheusser 
al. (1965). Tt was shown that the turbulent shear 
eater uniformity than the laminar one. The more 
tribution can be Peieiaua by the existence of secondary 


Ss 
ine a Presten-tube technique Tnoen et al. (1962) measured 
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distribution cf mean boundary shear stresses in a trane~ 
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1 channel. Similar measurements were reported by Martha and 
theugser (1970) fcr straicht rectanrular channels. M“owever, the 
cing results are questionable, since the Preston tube is aiiiprat ed 
ng a two-cinensional velocity distribution and, furthermore, it has 
to be insensitive to alicnment with respect to the mean flow 
up to twenty cecrees. fetter ate eonas ta yds devices are to be us 
S ce hot-filn sensors. They are sensitive to sn 
tle of attack and, in addition, can measure point, aban 
dary shear stresses. Mence, these sen 
in 
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neous , und sors are much better 
suited to study the interrelationship between secondary currents anc the 
structure of instantaneous boundary stresses. 
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2d stucy will consist of an experinental investication n= the 
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spatial and statistical distribution of point boundary forces in oris- 
E yA in Z eer 3 24. : rel gost oW Gees 
matic channels. The manner in which those distributions are affected by 
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The study will be conducted in an exis justable slone recirculat- 
ing flume. The working leneth of t e approximately 18 meters 
which insures uniform flow conditions. The channel has a rectancular 
cross-section 69 em wide and 30 cm deen. The flume has all parts in 
contact with water nade of stainless steel, and is »rovided with systens 
for control of water quality and temmerature, which are indispensable in 
hot-film anenometry measurements. The flume is capable of providing a 
wide rance of flow conditions. Throucsh the use cf flow straishteners 
and srids larce scale turbulence is sunmressed, thus affordinz a correct 
backeround of boundary cenerated tu 
cen 


rh ¢t 
‘ ts 

S 

ia) 


rbulence. A Pees lone and 1N- 

ntimeter diameter smooth oipe has been installed in parallel with the 
channel for calibration of flush-mounted hot~-filn Bet 5 Other exist- 
ing equipment to be used include constant-temmerature anemoneter systems 
and Pit-instrumentation tave recorders. 
Detailed and systematic surveys of the statistical moments of noint, 
instantaneous, shear stresses will be made, over the channel cross~ 
sectional »erinhery. The shear stresses 


ilt be measured with flush- 
mounted hot-film sensors driven by c t-temmerature anememeters, 
already used by Alonso et al. (1976) in a previous study of turbulent 
fiows. Sirnultaneously, cross~secticnal surveys of the mean loncitucinal 
velocity will be carried out for every flow Reet tod! From these data, 
the boundary-force process in turbulent flows and its interrelationshin 
with the secondary currents will be assessed. Due to the exnected hich 
level of turbulence, the outnout of the sensors will be directly dicitized 
to avoid the use of first order anoroximations in converting the outruts 
into chysical units. This procedure eliminates noise and other electro- 
nic uncertainties associated with analos convertine eauinment. Th 
necessary commuter software will be expanded from existine prorrams. 
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section 2: \ Larre-Seale ™lune “Study of the Fransnort of Ted Material 
from a “latural Straan (2909?2- 732) 


In connection with the srocram real of providcins a data base for the 


analysis of channel pec tee cee Qne: this nroject seeks to accormlish the 
followine specific objectives: 


ae fo equin the 259-ft tast channel at the NEDA Sedimentation Lahora~ 
tory to obtain total load, susnxended load, and bed profile measurenerts, 
alon~ with measurements of vertinent hydraulic characteristics. 

ae “0 obtain data from flume tests to relate te sediment transnort 
rate and bed-form pronerties to the hk ydraulic characteristics of allu- 
vial channel flov. 


ee Yo use the data in testine existine relationshizs and/or develonine 
new relationshins for transnort and bed rourchness in clluvial channels 


fale 
i 
®) 


Zo verify the chosen relationshins by commarison 


In routine the Speake and water throurh the channel network of a 
watershed, relationshins betreen the neo are 1 

redictable flow va sg ete va are ery a 
eno crucial in the redesien of channels 
Alone with the continuity ecuation for the sedime 
relationshivs would nermit the tra msport, denosition, and erosion quan 
tities to be rredicted. Unfortunately, no adecuately verified transvort 
relationshis is available today for use in the desioen procedures, A 
particular relationshin may be satisfactory for the bed material and 
flow conditions in 2 particular channel, but it may cive commletely 
eer ng results for others. Thus in develonnent of models for a new 

vatershee and channel system, verification of existine transnort r2la-- 
Hee ee and/or development of new, more reiiable relationshins is 
necessary. 


Ss eerttones 
t, accurate transnort 


A related problem is encountered in routine the runoff throuch the 
channel system. “ot only does the flow snecify its own transnort cana= 
city, but also the bad forms that result from this transvort immart a 
wide ranre of friction factors and influence the hydraulic characteris-— 
tics of the flow, Flow routine technicues that fail to account for 
chances in bed rouchness may sive erroneous results esrne ciallv in the 
use of »nradicted flow variables to determine the transport rate. VYet, 


no resistance relationshin that mav be usad with confidence is now 
€ ava lable 


i 
eS] 


in view of the uncertainties associated tith transvort and bed rouchness 

and the absence of a sound theoretical base for ¢cescribinn these nhe 

nonena,;- one is bortestte resort to'’exnerimental data to verify avistinc 

deserintions er to develon new relationshins. “Jeld data are vital for 
ra} 


Che 


this verification, Fae field channels each exhibit a limited set of flow 
variables dictated by its bed material and flow ratince curve. for | 
cevelopment of models with ceneral anplicability, verification for an 
extended ranre of. flow conditions is desirable. 


Literature Peytew and ?cferences? 


‘umerous relationships have been pronosed for relatinr the sediment 


transport rate to fle and sediment variables. Comprehensive reviews of 
those that have been available for a number of vears were presented by 
Shulits: (2960) ;and byethe ASCE’Task Committee (1971b): A’ review of 

ae coats ral 


ationshins arnlicable to alluvial Fraeue flowivwas re: 
‘SCE Task Committee (19710). The reviews nresented.in the 
ces are cuite cood and they noint out the limitations of 
the Se ieee relationshins that are included. 


In recent vears, work at the Sedinentation Laboratory has soucht more 
reliable transport models based on the princinles of the mechanics of 
sedinent transportation and from similitude relationshins derived fron 
the equations of motion for the flow of a sediment-water mixture over an 
Alluvial bed. 


Use of all available flume transnert data for equilibrium flows definec 
a relationshi» between a dinensio apes sand load and the Froude Sciberk 
and a crain~diameter sinilitude Aan (Willis and Seleman, 1969). ‘This 
reletionshin was formulated into a transnort medel (illis, 1°74) that 
can be readily incorporated into a routin: rrece ae ure, but verification 


is necessary to access its anplicability to narticular field situations. 


nue sediment load is renerally assuned to be transrorted by two mechanisms-- 
suspension by turbulent eddies and bhed-load transnort of the »articles 
in contact with the bed by the dras forces of the flow. The mechanics 
of sediment suspension is fairly well cefined. Several models have been 
proposed to describe the concentration distribution over the flow darth 
(Rouse, 19372 °Vanoni; 1944: -Zacustins 196%: Coleman, 19692" "Tillis, 1969) 

nd all of these seem to reliably approximate pueerred cistributions 


over much of the flow depth. The interral, over the flow denth, of the 
product of velocity and concentration, defines the susnencedc load. THis 
tntecral is divercernt for the nodels excent that of "41lis (1969) unless 
a lover linit of intesration is used. An anpronriate lower Llinit for 


the Tillis model cave cond acreement between nrecictec and observed 


suspended loads in a flume channel.’ 

A bed-Load nrediction method has heen derived by sunerimmosince the loads 
cortributed by each Yeurier frenuency comnonent of temmoral records of 
bed elevation Cullis, 1976). In the-.absence of actual records of hed 
elevations, the: exmerirental data from a small flume channel suecests a 


relation betveen the dune load'’s contribution te the raan dis 


concentration and the Proude number. The sum of sages cune 
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the flume tests. 
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sediment tra insnortation than are hitherto available formulations. 
nowever, adecuate verification for larce test channels and field chan- 
1ueis has not been accormlished. | 
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Research Annroach; 

The sediment discharee relationshins that have bean vronosed nay he 
divided into three crouns-~amoirical transnert relationshirs, sirilitude 
relationshins, and transzort mechanics ralationshins. The research of 
this nroject will investicate and be annlicahle tn each cf these crow 
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ff 

y_5 fluid mronerties of unit velume weitcht > and kine 
hy + 


nematic viscosity v, 
ond/or boundary shear stress tT or sone mA of these variables 
such as unit strean rover. Several formulations of this tyre are 
~resentec in the survey references (Shulits, 196f: ASCH Task Committee, 
1B). 

“he sirtilitude acnroach of Millis and tolenan (1969) relates a dimen- 


fp = I fa - ¥ SST v ft) 
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and a crain diameter sinilitude number 
= gk) ian 
Doe ee aa | (3) 

In (2) ‘throuen(3)4 the total sediment load in weicht ver second 
and unit channel width and ° is the cravity constant. - 
In the transsert mechanics aprroach, the total load “%,, is.considered to 
be the sum of the dune load (or bed load) G, and the sSusnended Idad: 7_. 

° % 4 5 Na] 
The dune load has been derived as the sum oF the loads centributed bv 
Fourier frecuency increments (Willis, 1975) «as 


‘ Wit otf) Af 
G, = ¥s oh & i a) 
‘ FnQ : 1/2 
G lee deus (f) 24F 








hore o,, is the total standard deviation of the bed surface, *(£) is the 
pelatave nower spectral density, Af is the freeuency interval, V(*) is 
the micration velocity of bed--form “ourter freaueney ff. The mtirration 
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Verification of the forecoine transrort relationshins for the flovs and 
bed material of a natural channel renuires exnerimental data that 
include actual neasurements of the transrort quantity. These nmeasure~ 
ments are often difficult to obtain in ficld channels and will vcrobably 
be available for only one section of a stream channel of an instrumentes 


e Lan S injted by the occur 
rence of flood event c 


watershed. The rance of such measurements will be 1 Mii 
and the desth-discharce relation for the section. 


2 


In order to develon a model of ceneral anplicability, controlled axneri~ 
g 


rents in a Laboratory flume can extend the measurements to a ruch wider 
A 


ranre of dimensionless variables and avoid the denendence on flood 
events. The 259-£t test channel at the Sedimentation Laboratery offers 

a discharre ranre ( 160 cfs) that exceeds that of other recireulatinac 
flunes by a factor of almost 19. At these hich flow rates (nich Peynolds 
numbers) the sinilitude uncertainties of snaller flows are minimized. 

Use of this facility with bed material from the-main channel of.a hirhly 
instrumented watershed is envisioned in this project. 


The 259-£t flume will be used to obtain accurate neasurenents cf the 
total sediment loac as well as measurement of the bad nrofile and flow 
variables that are considered by the available redels to control the 
transport. rate. -In addition to the cross flow and transport measure~ 


ments, sammles and flow velocity reasurements will be obtained over the 


ow cdeotlh to define the concentration and velocity distributions. 


and termoral records of bed elevation will be obtained fron 


Px 


sonic distance meters to nrovide a measure of the dune or bet load. 


Insofar as possible, the flume data will be compared with neasurements 
from field channels to ascertain the acreenent between medel and rro- 
totyve. For moderately lone flow events termoral records of bed eleva~ 
tion could be obtain from a fixed bridre saction with neclicible flow 
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ustriction. “hereas roint sarmles anc velocity measurenents over the 
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6) Ie? oe Se eke bet 
ow canth may be cdifficu obtain in the field, intecratec susnvended 
Fa) 7 


loads could be obtained for about the unner 70% cf the flow depth for 
comarison with eauivalent intecrals from the susnension models. The 
2 ability of at least one weir for total load reasurerents in the 


field as nrart of another nroject is assuned. 
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£ ach pressure transducers for water surface miezometers - 
includinc a 19channel carrier-derodulator modified to nrovide full- 
scale zero sunnression (switch selectable). 
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The above procedure rests°on the assumption that a resistance relation 
like equation (2), which is derived only for°steady uniform: flow, is 
likewise valid for floodwave fl6w. Also; in’any schenes for intesratine 
equation (3) asca‘part. of "aimathenatical model for flood routing, it is 
necessary either to assume a constant value for £, or to assume some 


a 
° 2 A 4 + i 
sort of nodel for: temporal and°snatial variation of £, since all other 


variables in the equation are functions sf x and t. Such models are 
totally lacking, -althouch field studies “of transient floodwave flovs 
(Colby, 1969; Coleman, 1962): lave Sroven that durine the nassace ot a 


flood wave the resistance to flow in a’riven channel reach chances 
substantially with time, annarently in conjunction with chances in the 
kinds of bed confic : 


ne 
watton occurriast on the bed channel bottom. Fecause 
of the obvious coupline ef TU, y; and bed sep ch gh gua nroperties, such 
field studies have failed te yield the desired veneral nather: AePaat 
model for the variation of £f. 


If :-means werd available for evaluating each térm in equation (2) uncer 


controlled and uncoupled exnerinental variations of Uoand y with t, and 

if at the same tire measurenents cof varicus quantitetively defined bed 

conficuration pronerties could be made, it would be possible to dceter~ 
i & mR 
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unetional edema of -the set of equations cormrisine s 
an 


fe 
ther er transient flow channel resistance. These eaua- 
Ror yi then be suitably maraneterized and incorvorated in flood 
routines or flow simulation noasts. 


t is proposed to develonr an exnrerinental ; 
90-£t. rrecirculatins «flumes dnd *t6 carry cut 
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nd the transient flow resistance functions vcostulated above. 
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Literature Review and References: 


ifodern efforts to Janay alluvial channel flow -resistance ‘becan with the 

anplication by Keuleran (1933) of the Hikuradse nine flow resistance 

nodel to steady open channel flow with ‘ricid boundaries.~ The utility of 
D 4 1 an 
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larcy-Veisbach coefficient for open cha anolication was Cenon= 


se (1958) deeoly perturbed workers in fluvial hydraulics eee is 
erimental EiiGiag that neither the Chezy nor the Mannine nor ena 
ee bins re I a coe be ccensidered constant for = siven 
channel, and that furthermore, they dic not. vary with. flow. according to 
Se Fuaetions A an cee aCe to functions related in some vay 
to the sequential apnearance of rivples, dunes, and antidunes on allu- 


Se 
vial channel beds... At this. point, when the situaticen in ealluvinl chan- 
nels with steady uniform flow appeared so. commlicated, the feasibility 
of ever understanding natural channels with transient flows seemed vary 
slisht. For a neriod of time the attention of most hydraulicians was 
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cs t atine curves in alluvial channels. This ershe~ 
Sis led to a surely observational study (Coleman, 1962) which defined 
time trends. of the sercy-Veisbach coefficient curine a series of asheneral 
runoff events with Sinele paaks which occurred in a selected and instru- 
mentec alluvial channel reach. The data from this study has since heen 
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searrancenent of equation (3) cives: 
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Various schenes are available for differentiatine £ relative to x and ¢ 
; Lh, pS be wes, €4830, 0G 
i form the foundation for obtainine exnerinentally the : 

or & set of enuations comrisins a nathenatical nodel 
; oe ee = 


variation ofr, Yr. analytical anvroach that 
ve cannot be defined nore closely until a body 


of data is available for evaluatince the terms in equation (4) numeri- 
ally for some sn necific enses. Thus ennhasis will be on data collection 
accorcins to a seneral exparimental 4esien vermittine the evaluation of 
dy/dx, dU/dx, 0/9, and d9n/dt. 


Phase I of the project will oceuny the remainder of the current fiscal 
vear, and will consist entirely of exmerinental equipment setur and 
testine. An existine L0O-ft. recirculatines flume with discharse cana- 
city up te 138 cfs. and slore adjustability to 17 will be usec as the 
basic facility. The flume will be eauinpned with a denth and discharsze 
Sensine and control system interfaced with existine Sadimentation 
Laboratory Commuter facilities. The syster will be desired t+ provide 
Dreprosramned time variaticns of (1) flow depth while holding mean 
velscity constant, (2) velocity while holdin: flow denth constant, or 
(3) beth flow depth and nean velocity, thus producing a nredefined 
hydroerach. Also provided will be a series of transducers, at recular 
Stations alone the flume, which will rive instantaneous profiles of the 
water surface and alluvial bed elevations. A11 the above eauimment will 
be interfaced with the computer. A neans of. calculatins the various 
temporal and spatial partial derivatives from the monitored measurements 
will be devised. 


Phase II of the project will consist of a series of steady uniforn iene 
exerinents, in which the various control systems installed will be use 
to maintain close tolerances on exnerinental conditions, and the data 
catherines devices will permit the determination cf the hydraulic crs- 
cients, etc. needed for calculatins conventional steady-state values of 
£ under different flow conditions. These exreriments will be carried 


out usine a flume bed material tynical of the channels to be monitcred 
in the instrumented pee eee that will be onerated under other 7arts 
| 





o£ the collabo: and ARS mrocram. The results of these exneri- 
ments pas provid Dag steady—state channel resistance ‘Jiarcram for 


in the study. This ciasram should show the 
chances in £ conditions of 3 > and also the concurrent 
chances in ea conficuration revtine which all previcus work has shown to 
be sisnificant. 
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In Phase III, transient mean velocity studies will be carried out at 
constant flow denths, usine selected roints on the steady-state resis- 
tance diacram as startinre voints, and observine the chances disclaved by 
the channel as the transient velocity event presresses. Phase IV will 
consist of sinilar exverinents, but with transient depth events and 
constant mean velocity. Data from phases III and IVY should serve to 
separate the effects of mean velocity and flow denth, which are coupled 
in a normal hydrosrath flow event, and allow them to be understood 


inderendently. 


Phase VY will consist of experiments in which a hydrorran! ¢ sp 

nreprocramed sitmitaneous variations of depth and mean watnctey oni de 

imposed on a selected flow situation vreviously oo pate curine the 
steady state exserimental phase. Observations made durins these esrari- 
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DUMOPE, EROSION. THEFILTRATICON, AND SEDIMENT CEARACTERISTIC 
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Goneral Chiectives: 
1. © evaluate erosion and ‘runoff from typical field conditions that 
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areas above major. channel systems. . (29898~72) 





Statement of the Prabler: 


Cenarally, channel stability is most severely threatened by increass 


Re ote 


Flows (runoff) cba ecccur during and immediately followins major stor 
a4 
T 





events. The sacinent ‘oad of the runoff and the nhysical ‘characte ria 
tics of the sed: t way also affect ‘channel stability. . Such channel 
Flows come larcely from numerous source areas throuchout the contribut- 
ine watershed. The anount cf surface runoff depends on tha absorotion 
characteristics (infiltration, inter 


s 


ogee n€ unland areas anc. the 
characteristics of the upland 


rate of runoff devends on the hydraulic 


flow system that affect convevrance and dsvon teu: 


ete 


the sediment loac of the runoff devends on the erosion rate and on the 
nhysical characteristics of the eroded sedirent that affect the noten- 
tial for subseauent denosition of this sediment hefore it reaches the 
channel. li¢st watersheds include numerous (different land-use conditions 
that vary in rates of Deine oroductieon and runcff. -Mrewledcre of such 
rates for various tynical vatershec conditions vrovides a basis for 

terrinine their immact on ele stahility 
“he amount of water discharced te the channel systen depends on the 

: vs i 


ga 
nfiltration cavacity ‘of ech subcatchnment. Infiltration canracity is 
relare’ to va suber tude of facters, esrecially antecedent soil meisture 
surface seal dcevelooment. Fy deterrminin«: chances. in the soil water 
esse in peak subcatechrents, the «ross resvonse of the watershed to 
4° 
id 


nt rainstorm events can bé évaluated. 
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“esearch Ac-nreach: 

eee 

Uaique exerinmental equisrent available at the fedinentation Laboratory 
will be used on research clots. This edauisnnent includes: 

gb 4. tertable rainfall sinulator {rainulater) casable of anclyine an 
> s > s . 7 - - 7 ~_ 
identical series cf intense sirulated rainstorms to fiel4 allots, when- 
ever or wherever desired. ‘ss nanyv as 3 xicts, each un to 75 feet lone 
and 1/4 feet wide, can be tested sinultanecuslyv. 

: #& svaliler interrill-research rainfall sinula 24tor capable of annlivine 
rainstorms at a wide rance of intensities to crox-rew siceslones or 
land-surface areas where raindro- immact is the vrimarv erosive acent. 
-ecause Of the sraller-sized plots and lesser water recuirerents, this 
equinment has the netential for testinc a wicer rane of soils, crens, 
tillare systems, ete. than the rainulator, 

one pare P= 4 ne e 
3. . laboratory rainfall simulator, sirilar to the interrill one, for 
evaluatine the effects of slone Steemness, land-surface cover, rain 


ti 3 
intensity, ete. on interrill erosion. 


Zach of these research tools is use4 with a vice array of accessory 
commonents for obtainine the desired 4ata. 


The rainulator will be used to-chta fin cata on several Taator land uses 
that are tyvical on the seed ei azove the selected chann 121 systen, 


such as (1) nrasture, (2) woodland, (") sovbeans, and Oh Sas tal 


L uf VuLOT “ Lo stucy these eencitions 

other rain RPE He es and/or on other soils, and it nav also be 

available to test other 1 | 
se 


ct ort 


and uses that may be of interest, A series of 
he interrill units mav be used to test methods for routin> interrill 
a inent 


+ 
(row sideslone) runoff and sec throuck the field and/or watershed 
£ 


The laboratory research ecuinrment oa sroviee sunalement tary information 
for internretine the field data. It will enable certain studies tn 
Proceed at times of the year when He research is not anmronriate, and 
it also »rovides more controlled conditions far research, 
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ersonnel Involved: Matt Nomkens and Yrank 9. “hislter, Zesearch 
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Objective: 


etermine chances in soil water state 
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tudy watershecs. 
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Las 


Me watersheds to be selected (a peau of three) should be reasonably 
uniform in slove and soil tyne. These subcatchments should also be in 
the game manacement oractice. “ach subscatchnent should have well 
cefined hydrolocvic boundaries and water outlets. ae Bea: measure- 
ments will consist of soil water content determina 

famma-ray attenuation technique and sravimetric Badenconears “ence and 
when necessary. Concurrently with these measurements, determinations 
will be made o€ soil water rotentials usine any or a E 


of the followince 
measurin? wewrees ratrix ~otential sensors, tensiometer, resistance 


blocks, and thermocouple »svchrometers. T“ield data will be sunnlenmentec 
with laboratory determinations of the hydraulic conductivity and soil 


water characteristics. 





COLL moisture measurements will be concentrated in randomly selected 
stations’ within a subcatchment. A minimum of 2 stations, but -re- 

ferably 5 stations, ver subcatchment will be chesen. ach station wil! 

have at least 1 set of dual-access tubes for soil moisture content 

measurements usinz the double camma-ray attenuation technique. ‘n 
assorted array of soil moisture -otential reasurements may be »laced at 
a 4 +t 


C thin each station and at revu! tardy snaced intervals 
L orefiles. The number and tyne of sensors will denend on 

a (homosenous or heteroreneous) and croundwater levels. Now- 
ever, an ammle number of sensors of a sciven tyne will be placed tn 
aieeace the local variability in the soil moisture state as well as 
the variability within each subcatchnent. Pieeer meters will be nlaced 
where warranted by the croundwater recime. %utmut sicnals from sensors 
will be relayed to data losrers for ewe equent analvsis. “%bservations 
will be made at least once ~er day. Tovwever, carma-rey attenuation 
measurerents will be conducted at a lesser frecuency devandine on the 
workload of available rersonnel and time requirement for each scar and 
number of reolications within each location 


Nata will be analyzed to determine averare water fluxes at various 
soints within the soil vrefile and chances the soil water balance in 
the overall soil wrofile. These measuremen will be esvectally helrful 
in estimatine that fraction of nrecinitation which enters the soil 
srofile durins and immediately followine a rainstorm event. Also, 
losses to vroundwater and evanvotransviration can thus be estimated. 
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